[1] The intertropical convergence zone (ITCZ) is usually analyzed in terms of the precipitation field. This study presents a new climatology of the ITCZ based on winds from ERA Interim reanalyses for the period 1990-2009. The central latitude of the ITCZ is defined as the zero crossing of the meridional wind averaged over 10 model levels below 900 hPa. Results of the zonal averaging of the meridional wind and wind convergence are compared with the zonally averaged precipitation from the ERA Interim and TRMM data sets. Collocation properties of precipitation maxima and the central latitude of the ITCZ are discussed for different land and ocean regions. It is found that the location of the ITCZ in wind and precipitation fields coincides over the Atlantic and east Pacific. Over other regions and especially over the tropical continents, the fields on average do not coincide.
Introduction
[2] The intertropical convergence zone (ITCZ) is one of the main climatological feature of the global atmosphere and its analysis is essential for understanding the interaction between the sea surface temperature, surface wind and wind convergence and mean sea level pressure [e.g., Hastenrath, 1995] . The Glossary of the American Meteorological Society defines the ITCZ as "an axis, or a portion thereof, of the broad trade wind current of the Tropics. The axis is the dividing line between the southeast trades and the northeast trades and it is collocated with the ascending branch of the Hadley cell." In meteorological literature and research practice the ITCZ has usually been defined by the narrow belt of (proxy) observations of deep tropical convection [e.g., Waliser and Gautier, 1993] , i.e., by the location of precipitation maxima above a certain threshold [e.g., Zhang, 2001] . In particular, the discussion of the so-called double-ITCZ problem in many climate models refers to excessive precipitation over much of the tropics and especially tropical Pacific [e.g., Lin, 2007] .
[3] The diagnosis of the ITCZ location and its migration properties by using wind fields has been difficult in the past for several reasons. First of all, direct observations of tropical winds in the boundary layer have been sparse. Additionally, short-range forecasts which provide the first guess for the analysis step of numerical weather prediction (NWP) have traditionally been less successful in the Tropics than in the midlatitudes due to the complexity of tropical circulation. Finally, balance constraints currently applied in data assimilation (quasi-geostrophy) provide little wind information from the assimilated mass field observations in the Tropics [e.g., Žagar et al., 2005] . In particular, the meridional wind component, which defines the ITCZ location, is associated with large-scale unbalanced circulations which in the absence of direct wind observation is inferred from the assumed properties of the first-guess field [Žagar et al., 2008] .
[4] The study of the dynamics and climatology of surface flow over the equatorial areas has been based on long-term ship, surface and upper air observations [e.g., Hastenrath and Lamb, 1978] and reanalysis data sets [e.g., Hastenrath, 2002; Zhang et al., 2008] . In recent years continuous observations of wind vectors at the ocean surface have become available from space-based scatterometers. For example, Liu and Xie [2002] used three years of QuikSCAT data to diagnose double convergence zones in the eastern Pacific and the Atlantic while Luis and Pandey [2005] diagnosed wind convergence in the Indian ocean based on 10 years of data from ERS-1/2 and QuikSCAT satellites. Scatterometer observations have been operationally assimilated in global NWP models in addition to cloud motion vectors from the geostationary satellites.
[5] Tropical analyses and forecasts have improved significantly in recent years [Bechtold et al., 2008] . These improvements have came from a better use of observations and more advanced modeling methodologies including a better treatment of physics in 4D-Var and a better representation of forecast errors. In particular, the analysis of the moisture field has been improved leading to a better hydrological cycle and a reduction of the precipitation spin-up problem present in ERA-40 reanalyses [Uppala et al., 2005] . These improvements are incorporated into the latest reanalysis data set produced at ECMWF, the ERA Interim data set [Simmons et al., 2007] .
[6] This study diagnoses the ITCZ in the ERA Interim precipitation and wind fields. Two fields are analyzed simultaneously over various land and ocean regions to provide comparison with previous studies based on precipitation only. The emphasis here is on the collocation properties of precipitation maxima and the central latitude of the ITCZ, defined as the zero crossing of meridional wind in the surface layer.
Data and Methodology
[7] In contrast to the widely used ERA-40, the ERA Interim data are produced using 4D-Var assimilation methodology, higher horizontal resolution (T255), a better model and assimilation methodology including improved analysis of moisture field and better treatments of observations especially satellite observations. Further information is available at the ECMWF reanalysis site, http://www.ecmwf. int/research/era/do/get/era-interim. The data set extends from 1989 onward and the reanalysis archive is continually updated. In this study, we use 20 years of wind and precipitation data between 1990 and 2009. Wind input data were obtained by averaging four daily analyses fields on model levels followed by monthly averaging over the 20 years. Monthly averages represent the main input for the study. The surface wind climatology shown here is obtained by averaging ten model levels below 900 hPa. The average pressure of these levels is 1012 , 1009 , 1005 Results are also studied separately for each of the ten levels. Each level exhibits the same properties as the average with the main difference being that winds at the lowest level are weaker than the layer average. The central location of the ITCZ is defined as the meeting point of circulation from the two hemispheres; this corresponds to the location of zero crossing of meridional wind component. Our definition of the central latitude of ITCZ corresponds to the confluence line analyzed by Hastenrath [2002] for the eastern Pacific.
[8] An example of the quality of ERA Interim wind analyses is presented in Figure 1 , which can directly be compared with Figure 3 of Liu and Xie [2002] . It shows that the meridional profiles of wind intensity and convergence over the Atlantic in July 2000 are in close correspondence with scatterometer observations. This is an incestuous verification since the same data were assimilated and analyzed profiles are characterized by smaller magnitude than the observations for all variables. By comparison, the NCEP/ NCAR reanalysis profiles, that are based on an older data assimilation system, show a weaker southerly meridional wind and convergence north of the equator and a nearly zero convergence at the equator. The ERA-40 profiles (not shown) are close to ERA Interim.
[9] Input precipitation data are 12 h accumulated precipitation from the first 12 hours of the model forecast, which is initialized twice per day, at 0000 and 1200 UTC. We use monthly averaged fields. Precipitation from ERA Interim are verified with the TRMM 3B42 data set [Huffman et al., 2007] . There is a close agreement between the precipitation profiles in the TRMM data set, other satellite derived precipitation data sets [e.g., Skok et al., 2009] 
Results
[10] Results are presented in terms of meridional profiles of precipitation and meridional wind for the six domains listed in Table 1 . The profiles are computed by averaging the data within the given longitude limits over 240 months. The land-sea mask field from ERA Interim is used to identify the land or sea points in different regions. In addition, global land, global sea and the total global belt between 25°S and 25°N are discussed. We always show four months representing four seasons to provide information about migration properties of the ITCZ.
[11] First we compare the average daily precipitation over the global tropical belt, tropical sea and land areas in ERA Interim and TRMM data sets (Figures 2a-2f ). The yearround precipitation maximum is located at around 7°N while a secondary maximum is found at 5°S. Precipitation maxima straddling the equator, with about the same magnitudes, are seen in winter and spring periods. However, the intensity of precipitation in the ERA Interim is too high in all months. The difference between the two data sets is most significant over land north of the equator during July. The global profiles are however dominated by the ocean profiles, in particular north of the equator, and the two data sets appear very similar.
[12] Profiles of precipitation rates can be compared with the meridional wind profiles in Figures 2g-2i . As for precipitation, both the shape and strength of the global v wind are dominated by the ocean contribution. This applies to all seasons. Over tropical land, v is of nearly equal magnitude (Figures 2a, 2d, 2g , and 2j), tropical oceans (Figures 2b, 2e, 2h , and 2k), and tropical land areas (Figures 2c, 2f, 2i, and 2l) . Convergence is computed with a negative sign for a unit sphere. but opposite sign in January and July. In the annual average this produces nearly zero v south of the equator, weak northward winds between the equator and 10°N and weak southward winds north of 10°N.
[13] The annual average location of the ITCZ as defined by v wind is at 7°N (Figure 2g ), which coincides with the location of the precipitation maximum (Figure 2d ). However, the seasonal march of the ITCZ defined by v wind has a significantly larger amplitude than that of precipitation. In July, the global meridional circulation changes sign at 19°N. In the NH winter the ITCZ moves to about 8°S. The strongest v winds in the NH summer are about 3.5 m s −1 in the belt between 15°S and 5°N. In NH winter the strongest southward wind has about same strength occurring in a narrow belt centered at 10°N.
[14] The location of the most intense global and ocean precipitation on a monthly basis coincides with the maximal wind convergence (Figures 2j and 2k) . Over land north of the equator, the location of maximal convergence shifts from 8°N in January to 20°N in July and the peaks have larger amplitudes than over the oceans. Profiles for the total wind convergence are nearly the same as those for the meridional component; the contribution of the zonal wind convergence results in a relatively insignificant amplitude reduction with respect to the meridional wind convergence (Figure 1) .
[15] Figure 3 shows meridional v wind profiles over six regions, which can be compared with profiles of precipitation (Figure 4) for the same regions. The regional precipitation profile from TRMM (not shown here) agrees very well with ERA Interim, especially over the oceans. Overall the annual migration of precipitation maxima and the v wind zero crossing follows a similar pattern in the east Pacific and Atlantic. The main difference between the two regions is in the wind strength which is significantly weaker in the Pacific where the zonal circulation dominates with respect to meridional and to the Atlantic. In all other regions, especially the land areas, the collocation properties of the two variables defining ITCZ are unclear. Collocation is present in the west Pacific in the transitional months (April, October) and in the Indian sector in January. In the Indian region the ITCZ determined by the wind is present at 10°N in October. In this sector the strongest surface meridional wind over the whole Tropics (Figure 3d ) occurs in July. This is also a region where the precipitation maximum remains in the southern hemisphere throughout the year except for the summer monsoon (July). The summer monsoon circulation "removes" the ITCZ from the wind field in the Indian and the western Pacific regions (Figures 3b and 3d) .
[16] Over the tropical ocean where the sea surface temperature strongly affects atmospheric surface circulation [e.g., Waliser, 2003] , the amplitude of the ITCZ migration is small compared to that over the land. The meridional profiles and migration regimes for precipitation over land are not substantially different for Africa and South America. In the latter case precipitation profiles are strongly coupled to the orography ( Figure 4f) ; precipitation maxima at 6°N and 12°N are both located near steep orography. Southerly winds are stronger over South America than over Africa. The strongest meridional circulation over South America occurs in January (Figure 3f ) when trade winds from the Atlantic penetrate into the Amazonian basin and turn south after crossing the equator. In Africa, the July-January contrast in both wind and precipitation is clear (Figures 3e and 4e). The migration of the precipitation pattern is weaker in the NH than in the SH where the seasonal cycle of the v wind ceases to exist south of 18°S. The precipitation peak at about 6°N in transitional seasons over Africa is due to the elevated orography of eastern Africa.
[17] Compared to the profiles of deep cloudiness presented by Waliser and Gautier [1993] , the precipitation profiles shown here appear most different for South America. Precipitation maxima across the equator in the central Pacific (160°E-160°W) are seen in our eastern and western Pacific sectors. Our wind climatology of the ITCZ contains a single ITCZ characterized by large seasonal migration; over the global ocean the ITCZ location shifts by about 20°b etween July and January (Figure 2g ). The corresponding shift of the precipitation maxima is about 4° (Figure 2d ). The new profiles can be used for verification of coupled climate models and for improved understanding of physical processes associated with the ITCZ. For example, improved wind and humidity analyses over land should lead to better understanding of factors controlling the seasonal variations of precipitation over Africa that have been the subject of several recent studies [e.g., Nicholson, 2009; Suzuki, 2011] .
Conclusion
[18] This study relies on the premise that the ERA Interim reanalysis well describes tropical circulation systems in the surface layer allowing a new climatology of the ITCZ in terms of meridional wind. The central location of the ITCZ is compared in wind and precipitation fields and the latter is verified against the TRMM data set. It is shown that the locations of the zero crossing of the meridional wind component and precipitation maxima in the annual, zonally averaged (in global domain) profiles coincide. However, the annual zonally averaged profiles are dominated by the oceans, especially Pacific where the precipitation and surface circulation are strongly linked to the sea surface temperature. Over land areas, the profiles of meridional wind and convergence do not appear suitable to define the ITCZ location. A comparison of the seasonal evolution of v wind and precipitation over different ocean and land regions of the Tropics shows that collocation of the ITCZ defined by these two fields exists in the Atlantic and east Pacific.
